Objective: To examine the tolerability and adverse events reported in the Idiopathic Intracranial Hypertension Treatment Trial (IIHTT). Methods: Randomized, double-masked, placebo-controlled clinical trial. Trial participants (n = 165) with mild visual loss concurrently receiving low-sodium weight-reduction diet plus the maximally tolerated dosage of acetazolamide (up to 4 g/d) or placebo for 6 months. Main outcomes measures: adverse events (AEs), assessment of clinical and laboratory findings at study visits. Results: Thirty-eight of 86 participants randomized to the acetazolamide group (44.1%) tolerated the maximum allowed dosage of 4 g/d. The average time to achieve maximum study dosage in the acetazolamide group was 13 weeks (median 12 weeks; range 10-24 weeks). A total of 676 AEs (acetazolamide, n = 480; placebo, n = 196) and 9 serious AEs (acetazolamide, n = 6; placebo, n = 3) were reported. Notably, the percentages of participants reporting at least 1 AE in the nervous, gastrointestinal, metabolic, and renal organ systems were significantly higher in the acetazolamide group (P , 0.05). The odds of paresthesia (OR 9.82; 95% CI 3.87-27.82), dysgeusia (OR N; 95% CI 3.99-N), vomiting and diarrhea (OR 4.11; 95% CI 1.04-23.41), nausea (OR 2.99; 95% CI 1.26-7.49) and fatigue (OR 16.48;) were higher in the acetazolamide group than in the placebo group. Conclusion: Acetazolamide appears to have an acceptable safety profile at dosages up to 4 g/d in the treatment of idiopathic intracranial hypertension. The majority of participants in the Idiopathic Intracranial Hypertension Treatment Trial were able to tolerate acetazolamide above 1 g/d for 6 months.
A cetazolamide is the most commonly prescribed carbonic anhydrase inhibitor for the medical management of idiopathic intracranial hypertension (IIH). Carbonic anhydrase is present in red blood cells, plasma, the proximal tubule of the kidney, and to a lesser extent in the liver, the ciliary body of the eye and the choroid plexus (1). Its inhibition limits formation of bicarbonate and hydrogen ions. This may be the mechanism for whereby acetazolamide lowers intracranial and intraocular pressure as well as causing diuresis (2) (3) (4) .
Acetazolamide is effective in the treatment of glaucoma (5-7), seizures (8) , and edema (9). Additional uses include treatment of altitude sickness (10, 11) , Meniere disease (12, 13) , and IIH (14) . The use of acetazolamide (1 g/d) to treat IIH was first suggested by Lubow and Kuhr (15) and it has been subsequently shown to reduce optic disc edema (16) . Dosages of 3-4 g/d have been reported to lower intracranial pressure (17) .
Side effects associated with acetazolamide include dysgeusia, paresthesia, fatigue, nausea, diarrhea, and polyuria (9). It may produce mild hypokalemia and metabolic acidosis. Uncommon but more severe adverse events (AEs) include anaphylaxis, Stevens-Johnson syndrome, renal stones, and blood dyscrasias (18) . Although the safety and tolerability of acetazolamide dosing at 1 g/d has been documented (16) , there is uncertainty regarding the safety and tolerability of acetazolamide beyond 1 g/d due to the lack of high-level clinical evidence.
The recent Idiopathic Intracranial Hypertension Treatment Trial (IIHTT) provided the first evidence-based treatment recommendations, showing that acetazolamide caused significant improvement in visual field, papilledema grade, cerebrospinal fluid (CSF) pressure, and quality of life measures in participants with mild visual field loss (14) . The purpose of this report is to present the safety data related to acetazolamide use in IIHTT participants.
METHODS

Participants and Study Design
The institutional review board at each site approved the study and individual informed consent was obtained before any study-related procedures being performed. The IIHTT was registered on ClinicalTrials.gov (NCT01003639). As previously described, participants aged 18-60 years from 38 sites in North America were eligible if they met the modified Dandy criteria and had reproducible mild visual loss (-2 to 27 dB perimetric mean deviation [MD]) (14) . Participants were randomly assigned to receive a supervised diet and either acetazolamide 250 mg (acetazolamide USP, lactose, starch, magnesium stearate) or matching placebo (naringin, lactose, starch, magnesium stearate).
The study drug dosage was initiated with 1 tablet twice daily with subsequent dosage increases of 1 tablet every week up to a maximum of 8 tablets twice daily (4 g/d of acetazolamide). The dosing range was selected based on routine clinical practice where 1 g/d is the usual starting dosage, and 4 g/d is the only dosage to show efficacy in reducing CSF pressure simultaneous with CSF pressure measurements (17) . The dosage escalation was stopped if the subject reported related symptoms that interfered with activities of daily living. All participants remained at the maximally tolerated dosage until the 6-month visit before optionally transitioning to open-label acetazolamide. The study medication was discontinued if it was not tolerated at half tablet (125 mg acetazolamide) daily and no other medication was substituted. Verification of drug compliance was assessed at each study visit by pill counts.
Evaluation Criteria
In addition to clinical evaluations that were performed at screening, baseline, and at 1, 2, 3, 4.5, and 6 months after baseline, AEs were collected by questioning participants regarding the occurrence of any untoward events since their last visit and by assessment of clinical and laboratory findings.
An AE was defined as any symptom, sign, illness, or experience which developed or worsened during the course of the study, whether or not the event was considered to be related to the study drug. A serious AE (SAE) was defined as any AE that resulted in any of the following outcomes: death, a life-threatening event, inpatient hospitalization or prolongation of existing hospitalization, a persistent or significant disability/incapacity, or a congenital anomaly/ birth defect.
For each AE, causality (perceived relationship to study medication) was determined by the local site treating subinvestigator and recorded as either unrelated, or unlikely, possibly, or probably related to the study medication.
Statistical Methods
Results are described as the frequencies and percentages of subjects reporting AEs by specific AE and by system organ class. The total numbers of events are also presented. Fisher exact tests were used to compare treatment groups with respect to the percentages of participants reporting a particular event (or an event belonging to a particular system organ class) at least once after the baseline visit. Treatment effects are described with odds ratios (OR) and their corresponding exact 95% confidence intervals. The distributions of the number of AEs per participant were compared between the treatment groups using a Wilcoxon rank sum test.
RESULTS
One hundred sixty-five participants were randomized to receive either placebo (n = 79) or acetazolamide (n = 86) (14) . Thirty-eight participants randomized to the acetazolamide group (44.2%) tolerated the maximum daily dosage of 4 g/d. The average time to attain a 4 g/d dosage in the acetazolamide group was 13 weeks (median 12 weeks, range 10-24 weeks). Thirty-nine participants (45.3%) randomized to the acetazolamide tolerated between 1 g and 3.75 g as their maximum daily dosage. The remaining 9 patients (10.5%) tolerated between 0.125 g and 0.75 g as their maximum daily dosage.
Ten participants permanently discontinued the study drug during the trial: 9 in the acetazolamide group (7 of whom completed follow-up) and 1 in the placebo group (who completed follow-up). Eight participants (4.8%) discontinued study medication due to AEs, and the remaining 2 (both in the acetazolamide group) stopped the drug because of a pregnancy or the desire to become pregnant (14) .
A total of 676 AEs (acetazolamide, n = 480, placebo, n = 196; Table 1 ) and 9 SAEs (acetazolamide, n = 6, placebo, n = 3; Table 2 ) were reported. The median (range) number of AEs reported per participant was 5 (1-22) in the acetazolamide group and 3 (1-12) in the placebo group; the distributions in the 2 groups were significantly different (P , 0.001). At least 1 AE was reported in 84% of the 165 participants (92% of participants in the acetazolamide group and 76% of participants in the placebo group, Table 3 ). Notably, significant differences were found in the percentages of participants reporting at least 1 AE associated with the nervous (P , 0.001), gastrointestinal (P = 0.003), renal (P = 0.014), ear (P = 0.017), skin (P = 0.033), and psychiatric (P = 0.03) systems (Table 1) . AEs associated with metabolic disturbances included acidosis, loss of appetite, hyperchloremia, hypokalemia (associated with concomitant use of valsartan and hydrochlorthiazide), and dehydration. Collectively, the number of participants reporting at least 1 AE associated with these disturbances was significantly higher in the acetazolamide group (P , 0.001, Table 1 ). In addition, abnormal laboratory findings [complete blood count (CBC), liver, kidney, and pancreatic function] were significantly higher in the acetazolamide group (P = 0.009). Of the 44 abnormal laboratory results that were reported in 27 participants in the acetazolamide group, the study drug dosage was unchanged in 22 participants. Two participants in the acetazolamide group, one with transaminitis and the other with elevated lipase and WBC counts, were hospitalized and discontinued study drug use but remained in the study for follow-up. One participant in the acetazolamide group whose white blood cell counts were dropping discontinued the study drug and did not complete follow-up. A decrease in the study dosage was directed for 10 AEs experienced in the acetazolamide group as a result of abnormal liver, kidney, and CBC results. Study drug was suspended for 8 participants in the acetazolamide group with abnormal kidney and liver results. No participant required additional medication or supplementation as a result of the abnormal laboratory values. As previously reported, mean decreases in potassium (0.23 mmol/L) and carbon dioxide (3.90 mmol/L) levels were found at 6 months in the acetazolamide group relative to the placebo group (14) .
The odds of experiencing common symptoms of the nervous and gastrointestinal systems, such as paresthesia (OR 9.82; 95% confidence interval (CI) 3.87-27.82), dysgeusia (OR N; 95% CI 3.99-N), vomiting and diarrhea (OR 4.11; 95% CI 1.04-23.41), and nausea (OR 2.99; 95% CI 1.26-7.49) were increased in the acetazolamide group (Table 4 ). The odds of experiencing fatigue were also increased in the acetazolamide group (OR 16.48; 95% CI 2.39-702.40; Table 4 ). Common AEs were also examined by daily dosage received at the time of the AE. These data (Table 5) show that common AEs in participants in the acetazolamide group were generally reported at lower dosages.
DISCUSSION
Conventional medical management of IIH consists of using a carbonic anhydrase inhibitor, typically acetazolamide, and encouraging weight loss. Surprisingly, until the IIHTT was performed, there was insufficient evidence to support either of these recommendations. The dosage of acetazolamide commonly used by practitioners to treat IIH is 1 g/d and is presumably based on the literature that studied aqueous suppression in the setting of glaucoma (5-7).
Inhibition of carbonic anhydrase using acetazolamide reduces the formation of hydrogen and bicarbonate ions from carbon dioxide and water resulting in decreased sodium ion transport across the choroidal epithelium and thus reducing the formation of CSF (2-4). In 1978, Gucer and Viernstein (17) reported that acetazolamide, at dosages of 3-4 g/d, reduced CSF pressure. Based on this finding, the IIHTT protocol was to give the maximally tolerated dosage up to 4 g/d. The IIHTT protocol stipulated a slow dosage escalation of acetazolamide (or matching placebo) from 1 g/d to a maximum of 4 g/d. The dosage escalation was stopped if the subject reported related symptoms that interfered with activities of daily living. Forty-four percent of the participants in the acetazolamide group tolerated the maximum dosage of 4 g/d.
Acetazolamide is well known to be associated with a high incidence of AEs. Over 10% of users experience malaise, diarrhea, anorexia, metallic taste, or polyuria (20) . Furthermore, 1%-10% of users will experience drowsiness, depression, or dizziness. Given that some AEs may be dosage related, it was anticipated that the acetazolamide group in the IIHTT would report a larger number of adverse reactions. Indeed, 92% of participants in the acetazolamide 
Loss of appetite group experienced at least 1 AE (compared to 76% of participants in the placebo group). Nearly two-thirds of the acetazolamide group reported between 2 and 10 AEs over the course of the study. The incidence of AEs commonly associated with acetazolamide did not increase with dosage. Indeed, some AEs tended to occur at lower dosages (i.e., paresthesia, dysgeusia, nausea) perhaps because the symptoms were dose-limiting in the affected individuals. It is possible that longer durations of treatment with acetazolamide at higher dosages may result in higher incidences of some of the less common reactions such as urolithiasis. SAEs were rare in the IIHTT. Six participants reported SAEs in the acetazolamide group while 3 participants reported SAEs in the placebo group. Five of the 6 SAEs in the acetazolamide group occurred at a daily dosage greater than 2 g/d. The participant with transaminitis was asymptomatic and the liver function normalized after discontinuation of acetazolamide.
Allergic reactions to acetazolamide were uncommon. Furthermore, there is no evidence to suggest that an allergy to sulfonamide antibiotics increases the risk of an allergic reaction (21, 22) . In the IIHTT, there was only 1 allergic reaction. This participant did not have a known sulfa allergy. In this case, the study drug was suspended and the participant was advised to remain permanently off study drug. The participant agreed to continue in the study in follow-up alone. No participant on acetazolamide alone required potassium supplementation; thus, routine monitoring of potassium levels is not recommended. Importantly, none of the SAEs resulted in persistent or significant disability and all SAEs resolved.
The percentages of participants experiencing an AE at least once after the baseline visit in the nervous, gastrointestinal, and renal systems were significantly higher in the acetazolamide group than in the placebo group; the same was true of AEs associated with metabolic disturbances. A relationship between metabolic changes and systemic symptoms such as malaise has been postulated but never proven (19) . When considered individually, the odds of experiencing paresthesia, dysgeusia, vomiting, nausea, diarrhea, and fatigue were all significantly higher in the acetazolamide group.
Kass et al (23) reported an 11-fold higher risk of urolithiasis in those receiving chronic acetazolamide therapy for a mean duration of 41 months and the rate of stone formation was highest in the first year of treatment. The annual incidence of stone formation in adults has been reported at 5.2% in the united states, and Caucasian men appear to be at the highest risk (23) (24) (25) . Overall, the rate of urolithiasis in the IIHTT was low at 2.4% over 6 months. However, the study duration of the IIHTT was not long enough to warrant any conclusions regarding the long-term effects of acetazolamide use on renal stone formation. The mechanism by which acetazolamide leads to renal stone formation is not fully understood; however, elevated urinary citrate and magnesium levels have been implicated (26) .
Pregnancy, or the desire to become pregnant, is a relative contraindication to using acetazolamide because of a report of a sacrococcygeal teratoma (27) . There have been no reported teratogenic abnormalities associated with acetazolamide use in the third trimester or during parturition (28) . Because IIH predominantly occurs in women of child-bearing age, treating physicians should always inquire about the possibility of pregnancy in their patients before initiating therapy. In the IIHTT, there were 2 such cases, one that became aware of a pregnancy while on acetazolamide, the other who stopped acetazolamide before becoming pregnant. In the first case, the participant delivered a healthy baby with no congenital defects. Others have reported use of acetazolamide during pregnancy without resultant birth defects (28) .
As expected, participants in the acetazolamide group had significantly lower mean levels of CO 2 than participants in the placebo group at all time points after baseline (14) . Whether the observed low CO 2 levels are responsible for some of the systemic adverse reactions that were reported (such as malaise, headache, and gastric reflux) is not known.
We acknowledge certain limitations of this study. As in all clinical trials, the results are not necessarily generalizable to patients who fall outside the eligibility criteria of the study or are not treated according to the IIHTT dosing protocol. In particular, the study was limited to individuals between the ages 18 and 60 years. Lichter (19) showed that the tolerance to acetazolamide is lower in the elderly. The duration of double-masked follow-up in this study was only 6 months; the safety and tolerability of acetazolamide for longer treatment periods remains to be determined. Lastly, the IIHTT was designed to have adequate power for the primary outcome variable (visual loss); it was not primarily designed to detect treatment effects with respect to safety outcomes, especially relatively rare AEs. Nonetheless, this is one of the largest cohorts reported with data collected prospectively regarding acetazolamide usage in a randomized trial.
We found that acetazolamide at dosages up to 4 g/d in patients with IIH was safe and well tolerated in most patients. Elevated liver function tests occurred in 2 participants, who were asymptomatic and experienced normalization of hepatic enzymes after discontinuing acetazolamide. Monitoring of transaminases in the dosage escalation phase of acetazolamide treatment should be considered. No patient experienced aplastic anemia and periodic monitoring of blood cell counts is not necessary or cost-effective (29) . In the IIHTT, no subject required potassium supplementation in the absence of other concurrent diuretic use and there were no cases of permanent morbidity.
Now that there is established benefit for the use of acetazolamide in IIH, clinicians can be reassured that
